The research and development processing of a large-scale environmental wind field simulation device for fire experiment of high-rise building is introduced from 4 aspects as size and arrangement study of wind supply terminal, velocity design of wind supply terminal, structure design of large-scale device and final installation and commissioning. The simulated wind with the maximum speed of no less than 17m/s can be provided by 200 uniformly distributed ball spout jet diffusers in the region of 8 meters high and 4 meters wide.
Introduction
High-rise building fires often cause huge casualties and property losses. According to the NFPA report [1] , U.S. fire departments responded to an estimated average of 14,500 reported structure fires in high-rise buildings per year in 2009-2013. These fires caused an average of 40 civilian deaths, 520 civilian injuries, and $154 million in direct property damage per year. Generally, the environmental factors, especially the environmental wind field, will have a huge impact on the fire behavior. Therefore, when a fire experiment of high-rise building is performed by researchers, the real fire scenario cannot be well reflected if the effect of environmental wind field is ignored. However, existing environmental wind field simulation devices are mostly used in the field outside the fire science, such as hurricane simulation [2] , aerodynamic wind tunnel test [3] , wind load simulation [4] and so on. Not only that, the fewer environmental wind field simulation devices applied in fire research still have some limitations in fire experiment of high-rise building that the area of wind supply terminal is insufficient and the angle of airflow is unmodifiable [5, 6] . For above problems, a large-scale environmental wind field simulation device is developed to realize simultaneous adjustment on both area and angle of supply airflow for fire experiment of high-rise building.
Study on Size and Arrangement of Wind Supply Terminal Based on CFD
The effect of environmental wind field simulation device is greatly influenced by the type and arrangement of wind supply terminal. Based on the comprehensive comparison of all kinds of wind supply terminals, the ball spout jet diffuser is chosen because of the long air delivery and adjustable angle in all directions in within 30 degrees. In order to investigate the impacts of spout size and arrangement on generated wind field, 4 cases involving 2 spout arrangements of 4×5 and 3×4 and 2 throat diameters of 140mm and 100mm are studied by numerical simulation in the region of 1.5m×2.0m under the supply wind velocity of 15m/s, as shown in Figure 1 . The velocity distributions of the longitudinal section in the middle and the cross section at 4 meters away from the wind supply terminal are shown in Figure 2 and Figure 3 , respectively. It is observed that the better velocity uniformity and larger average velocity will be obtained with the increase of throat diameter of spout when the spout arrangement is constant for the cross section, but little change in the velocity uniformity for the longitudinal section. When the throat diameter of spout is constant, with the increase of compactness of spout arrangement, the average velocity will increase but the velocity uniformity will appear no significant changes, for both cross section and longitudinal section. Therefore, larger throat diameter and more compact spout arrangement will help to obtain larger average velocity of wind field and better velocity uniformity.
Velocity Design of Wind Supply Terminal Based on Meteorological Data and Empirical Equation
According to the statistical data from the council on tall buildings and urban habitat (CTBUH), the top 20 cities of China owning the largest number of completed tallest buildings till the end of 2018 are picked out based on the different building heights, respectively, as shown in Figure 4 .~Figure 7. The related 24 mainland Chinese cities are chosen as representatives to investigate the environmental wind field at different heights. The maximum value and mean value of 12 average monthly wind speeds in individual years at 10m above the ground of 24 representative cities are shown in Fig. 8 based on the dataset of monthly surface observation values in individual years in China from the national meteorological information center. It is observed from Fig. 8 that the wind speeds of coastal cities are generally large. The cities owning the largest and smallest wind speed are Dalian and Chengdu, respectively, with the maximum value of 4.8m/s and 1.4m/s and mean value of 4.2m/s and 1.2m/s. The design wind speeds of 24 representative cities at different heights can be calculated as shown in Fig. 9 by substituting the maximum value at 10m above the ground as the worst-case value into Eq. 1, where u(z) is the wind speed at the height of z meter, u 1 is the wind speed at a known height of z 1 meter and n is ground roughness coefficient. u(z)=u 1 (z/z 1 ) n (1) Figure 8 . Average monthly wind speeds (m/s). Figure 9 . Calculated design wind speed (m/s). Figure 10 . The variation trend of wind speed with height. Figure 11 . Wind speed range at each height (m/s).
The variation trend of design wind speed with height of each city and the wind speed range of 24 representative cities at each typical height are shown in Fig 10 and Figure 11 , respectively. It can be seen that the wind speed ranges of all minimum values, mean values and maximum values at each height are 1.4m/s~8.1m/s, 2.7m/s~15.7m/s and 4.8m/s~27.7m/s, respectively. The wind speed ranges at the heights of major concern in fire engineering are 2.2m/s~7.4m/s at 30m, 2.7m/s~9.1m/s at 50m, 3.5m/s~12.1m/s at 100m and 5.1m/s~17.4m/s at 250m, respectively. Therefore, the maximum speed of wind supply terminal is designed to be no less than 17m/s.
Structure Design of Large-scale Environmental Wind Field Simulation Device
As shown in Figure 12 , 200 ball spout jet diffusers in a uniformly distributed manner of 20×10 are designed as wind supply terminals in the region of 8 meters high and 4 meters wide. The overall structure design plan of simulation device is determined after several adjustments. The version 1.0 is difficult to ensure the sufficient supply airflow in the underpart of the simulation device and too unwieldy in size. The version 2.0 provides a plan taking compactness into account, but the upper wind supply terminals may have difficulty providing effective supply airflow due to the insufficient wind pressure. The version 3.0 not only optimize the device volume further but also ensure the efficiency of upper wind supply terminals by stepped-diameter design of wind supply box. 
Installation and Commissioning of Large-scale Environmental Wind Field Simulation Device
The large-scale environmental wind field simulation device is installed in front of an existing experimental building of facade fire, as shown in Figure 13 . The inner space of the huge wind supply box can be seen by going through the access door on the lateral surface of the box. It can be seen from Figure 14 that 2 ladders installed in the box are used for the maintenance and overhaul on the simulation device. In addition, 2 flow equalization boards are located in front of the fan outlet to increase the uniformity of supply airflow. 200 dampers are also installed at the back of each ball spout jet diffuser to realize the simultaneous stepless adjustment on both area and angle of supply airflow. According to the effect test of wind field simulation from 20Hz to 50 Hz as shown in Figure 15 , the supply wind speed attains the design objective and achieve fine uniformity in 5 test zones. The mean value and standard deviation of supply wind speed in 5 test zones are shown in Table 1 . 
